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The lower Mississippi River alluvial valley (LMRAV) in northwestern
Mississippi is characterized by a flat landscape and predominantly agricultural land use.
The fluctuations in surface heat flux throughout the crop cycle due to land cover
modifications are thought to have an impact on the regional weather. This research
analyzes changes in convective patterns over the LMRAV based on the rapid variations
in land cover as a result of the seasonal harvest cycle. Focusing on synoptically weak
days between 2012-2016, data from the GOES 13-15 satellite visible imagers were used
due to their 1-km spatial resolution and ability to distinguish lower clouds over a warm
surface. By comparing the spatial and temporal patterns of convective clouds, the study
confirmed that convective patterns do change based on land cover evolution resulting
from the harvest cycle. These changes were likely a result of low-level thermal and
moisture changes resulting from variations in evapotranspiration.
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CHAPTER I
INTRODUCTION
The lower Mississippi River alluvial valley (LMRAV) in northwestern
Mississippi (MS), commonly known as the Mississippi Delta, is characterized by a flat
landscape and predominantly agricultural land use (Figure 1). The LMRAV, similar to
the Mid-West, has vast amounts of cropland with a negligible elevation change within the
region (University of Arkansas, U.S. Department of Agriculture 2014). Rich alluvial soil,
caused by the flooding of the Mississippi River depositing nutrient-rich sediments onto
the floodplain, is one factor that has led to the agricultural productivity of the Mississippi
Delta (Kebede et al. 2014; Snipes et al. 2005). The major crops grown in the Delta are
corn, cotton, rice, and soybeans (Figure 2) (Kebede et al. 2014). These crops thrive in this
region due to the rich soils and have led to Mississippi and the United States’ rich
agricultural economy (Snipes et al. 2005).
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Figure 1

Mississippi soil and Vegetation type (from Dyer, 2008).

Figure 2

Mississippi Delta 2004 crop distribution (from USDA-NASS/MDAC/MSU
by Dr. Fred Shore).
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The economy of Mississippi, and subsequently the United States, is influenced by
the quality and quantity of crop production in the LMRAV, with over 80% of the crops
produced in Mississippi being grown in the Delta (Kebede et al. 2014). Given that
approximately 65% of the Mississippi Delta farmland is irrigated, water resource
managers and farmers depend on accurate weather forecasts to reduce crop loss and
maintain agricultural productivity (Kebede et al. 2014).
Agricultural productivity is highly sensitive to water availability, especially
during the growing season. This water is provided by rainfall or irrigation from surface
and/or groundwater sources. However, during the warm season in northwest Mississippi,
precipitation is predominantly generated through surface-based convection (Dyer 2011).
Although convective rainfall can be intense at a local scale, rainfall amount and
distribution are extremely difficult to predict due to the sensitivity of convective initiation
from surface-based features (i.e., land use, landscape variability, surface temperature, soil
moisture, etc.) (Rabin et al. 1990; Adegoke et al. 2007; Ek and Holtslag 2004).
Many factors can influence surface-based convection, such as land use/land cover,
orographic effects, soil characteristics, and low-level flow (Dyer 2011; Brown and
Arnold 1998; Adegoke et al. 2007; Carleton et al. 2001; Mande et al. 2015). Convection
for cloud formation is caused by low-level moisture and instability. Instability is a direct
result of surface heating during synoptically benign days due to the lack of larger-scale
kinematic forcing. Both forested and agricultural vegetation land cover types have
different moisture and energy fluxes (Figure 3) that are prominent enough to influence
surface-based atmospheric convection (Anthes 1984; Gutter 2013). Research focused on
land cover boundaries has yielded discrepancies in the results for the location of cloud
3

generation and possible reasons for the increases and decreases in cloud generation
frequencies. In contrast to the studies by Chagnon et al. (2004), Brown and Arnold
(1998), Gutter (2013), and Rabin et al. (1990), which all determined that convective
events were more common over non-forested or drier regions, Oneal (1996) found that
for summer days with weak synoptic flow, forested areas had substantially more
convective clouds than areas of cropland. The variance in the size of the study area may
be the cause for the differences in the results. Oneal's (1996) study covered a rectangular
region from North Carolina to Arkansas and up to the Northern Territories. Brown and
Arnold (1998) and Rabin et al. (1990) both looked at a single state, Illinois and
Oklahoma, respectively. Chagnon et al. (2004) studied an area in South America similar
to the size of Texas. Small-scale convective patterns were most likely diminished from
Oneal's (1996) large spatial coverage and short temporal scale of only two years.
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Figure 3

Average Annual Evapotranspiration

Although forested and agricultural vegetation land cover boundaries have been
studied in relation to precipitation and convection (Brown and Arnold 1998; Mande et al.
2015; Carleton et al. 2001; Adegoke et al. 2007; Chagnon et al. 2004; Rabin et al. 1990;
Oneal 1996), a lack of research exists related to the rapid changes, or variability, of land
cover on surface-based atmospheric convection. The harvesting period for crops in the
Delta occurs during the warm season when convection is more commonly a result of
synoptically benign surface heating instead of from frontal forcing. Knowing how
quickly a change in land surface characteristics affects the boundary layer from
harvesting a field could influence the accuracy of precipitation forecasts. The influences
on convection listed previously were observed over seasonal time scales and over long
temporal scales analyzing land cover boundaries. One study in particular (Chagnon et al.
2004) did analyze land cover variability by comparing two 3-year time periods over the
5

same spatial domain in the Amazon Rainforest to determine if deforestation led to a
change in shallow cloud cover. The study found that there was always a greater amount
of shallow clouds over the deforested regions. This research illustrates what could be an
indicator of local-scale anthropogenic weather modification.
These land-cover boundaries have been studied in relation to precipitation and
convection, but a lack of research exists for the sudden change in land-cover on surfacebased atmospheric convection. This study aims to identify warm-season cloud patterns
over northwest Mississippi to evaluate how the distribution and frequency of surfacebased convection changes based on land-cover changes due to the harvesting of crops.
Identifying whether agricultural land use modifies localized convection could imply
anthropogenic regional weather modification. These results can help with understanding
the influence of land use change on lower atmospheric processes, leading to
improvements in the prediction of local-scale weather patterns.
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CHAPTER II
DATA AND METHODS
Study Period
To explore the general warm-season convective patterns over the LMRAV, a total
of five years, 2012-2016, were analyzed for this study. The harvesting periods for this
research were determined by using the harvesting dates for the four major Mississippi
crops (Table 1) listed in the U.S. Department of Agriculture (1997, 2010) documents.
Most harvest dates were between early August and early October (Table 2). To account
for early or late harvest years, the study period was defined as 1 July to 30 November. A
time period in the middle of the study period was regarded as during harvest and not
included in the study (Table 2). These dates were validated by analyzing the percent of
harvested crop area [National Agricultural Statistics Service (NASS) Crop Progress:
http://usda.mannlib.cornell.edu/MannUsda/viewDocumentInfo.do?documentID=1048].
The days where at least 75% of the crop has yet to be harvested was pre-harvest, and the
days where at most 25% of the crop has yet to be harvested was post-harvest. As shown
in Table 3, August was the ideal for pre-harvest and October was ideal for post-harvest.
While only about 53.6% of the three crops available from NASS have been harvested by
October, corn was not included in the documents and represents over 14% of the total
cropland in MS and over 18% of the four major MS crops (Table 1). Including corn
would bring the percentage of harvested crops closer to 75% (Table 3).
7

Table 1

Harvested Crops in Mississippi

Crop
Corn (grain)
Corn (Silage)
Cotton
Hay
Peanuts
Rice
Sorghum (grain)
Sorghum (silage)
Soybeans
Sweet Potatoes
Wheat
TOTAL

Harvested Acres
(in thousands)
605
23
1100
800
208
72
2
1750
8.1
230

% of total
Cropland
14.27
0.35
14.79
16.36
0.41
7.12
0.88
0.03
41.50
0.21
4.29

4798.1

100.00

Average harvested acres in thousands and average percent of total cropland from 1996present. Bolded rows represent the four major Mississippi crops. Data is from the U.S.
Department of Agriculture 1997 and 2010 Usual Planting and Harvesting Dates for U.S
Field Crops documents.
Table 2

Average Mississippi Harvest Seasons

Crop
Corn (grain)
Corn (Silage)
Cotton
Hay
Peanuts
Rice
Sorghum (grain)
Sorghum (silage)
Soybeans
Sweet Potatoes
Wheat
Average

Begin
Harvesting
-11
-46
14
-67
19
-10
-14
-28
-4
-16
-96
-24

Start Active
Harvest
-5
-40
31

Stop Active
Harvest
29
-2
61

28
7
-9
-10
-4
1
-89
-11

60
35
31
15
55
35
-71
23

End
Harvest
44
16
75
37
70
53
43
33
81
69
-94
39

Average harvest dates from 1996–present with values in days away from September 1st.
Bolded rows represent the four major Mississippi crops and the total average values for
all crops. Data is from the U.S. Department of Agriculture 1997 and 2010 Usual Planting
and Harvesting Dates for U.S Field Crops documents.
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Table 3

Mississippi Average Crop Maturity and Harvest Percentages

Early August
Early October
Average
Cotton
Soybeans
Rice
Cotton
Soybeans
Rice
Over Years (% bolls) (% setting pods) (% headed) (% harvested) (% harvested) (% harvested)
1990-1995
84
35
42
23
13
60
1995-2000
95
61
60
38
45
84
2000-2005
93
85
64
40
66
81
2005-2010
91
92
65
32
67
75
2010-2015
83
75
76
35
64
81
Total Average
89.2
69.6
61.4
33.6
51
76.2
August Average: 73.4%
October Average: 53.6%

Average percentages taken from the first document published for August and October for
that representative set of years. Data is from the National Agricultural Statistics Service
(NASS) Crop Progress reports found at
http://usda.mannlib.cornell.edu/MannUsda/viewDocumentInfo.do?documentID=1048).
Defining Synoptically Benign Days
Synoptic-scale processes conceal the influence of surface features on local
convective patterns. Therefore, days without synoptic forcings are needed to differentiate
the unique influences of the environment on local weather patterns. To analyze
convection without the influence of frontal systems, synoptically benign days were
identified during the pre-harvest and post-harvest periods. Rawinsonde Observation
(RAOB) data from Little Rock, Arkansas (KLIT), Shreveport, Louisiana (KSHV), and
Jackson, Mississippi (KJAN) sounding locations were obtained from the National
Oceanographic Atmospheric Administration (NOAA) / Earth System Research
Laboratory (ESRL) database. The method that Dyer (2009) used to define synoptically
benign days was applied to the pre- and post-harvest periods. This method used the 00Z
and 12Z soundings from each location to characterize the synoptic conditions over the
study region by quantifying median wind speeds at the 850-hPa level and the 500-hPa
level. Wind speed values equal to or less than 7.7 m/s (15 knots) at 850-hPa and 14.4 m/s
9

(28 knots) at 500-hPa were considered synoptically benign for that sounding location and
sounding time. A day was considered synoptically benign if the 850-hPa and 500-hPa
levels at all sounding locations show wind speeds less than the given criteria value for the
00Z and 12Z value for the given day, as well as the 00Z value for the following day. This
method was slightly modified for this study where a day was considered synoptically
benign if the criteria were met for two out of the three sounding locations instead of at all
three. The modification was to try to mitigate the exclusion of days originally considered
not benign due to the possibility of wind speeds marginally higher (1 knot) than the
threshold for a single station. The number of synoptically benign days increased from 42
days to 100 days after that modification (Table 4).
Table 4

Synoptically Benign Days

3 Stations
2 Stations
Month Total
Year Total

2016
Aug Oct
3
2
9
5
12
7
19

2015
Aug Oct
6
4
9
2
15
6
21

2014
Aug Oct
8
1
9
1
17
2
19

2013
Aug Oct
12
2
13
0
25
2
27

2012
Aug Oct
4
0
9
1
13
1
14

All Years
Aug Oct
33
9
49
9
82
18
100

The number of synoptically benign days found for August and October for each year
using either two or three sounding locations.
Satellite Data
Using the list of synoptically benign days, visible (VIS) imagery from the
Geostationary Operational Environmental Satellite (GOES) 13-15 visible imagers was
used to identify convective initiation. The VIS imagery was obtained through the NOAA
Comprehensive Large Array-Data Stewardship System (CLASS;
http://www.class.noaa.gov). VIS imagery was used because it has a high spatial
10

resolution (1 km) which enables small features to be distinguished. Another motivation
for using VIS is due to the channel’s ability to sense reflected solar radiation, whereby
the large amount of reflectance available and able to be sensed by the sensor gives the
image a higher contrast. Since convective initiation in the warm season is generally
associated with intense surface heating during the early afternoon, the issue of using VIS
imagery during times with a low sun angle was not a concern.
Defining Convective Points
The data from VIS satellite imagers were analyzed with the Man Computer
Interactive Data Access System (McIDAS). Using the McIDAS software, georeferenced
dots were subjectively placed at the center of where each surface-based convective cloud
enhanced from a steady fair-weather cumulus cloud to a rapidly growing cloud (Figure
4). Due to warm-season convective processes occurring on short time scales (minutes to
hours) and geostationary visible imagery being limited to 30-minute resolution, some
points were placed on the first image in which the cloud appeared. If a fair-weather
cumulus cloud was not present prior to an image showing a growing cloud (based on later
images of continued growth), then the point was placed at the earliest image the cloud
was present. Points were only placed on convective clouds if their convective
enhancement occurred over Mississippi. For example, a cloud that was growing and
moved from Louisiana to Mississippi was not counted; however, a fair-weather cumulus
cloud that formed in Louisiana but began to intensify once it was over the Mississippi
Delta was counted. This process of placing dots on the images was repeated for every
half-hour on each synoptically benign day during both pre- and post-harvest periods. Out
of the original 100 benign days, 42 days contained observed convective points (Figure 5).
11

Figure 4

Example of Convective Point Placement

Placement of convective point examples from August 5, 2016.

Figure 5

Number of Convective and Benign Days per Year

Yearly breakdown of benign and convective days. “Benign Days” are the original 100
days that were found to be synoptically benign, and “Convective Days” show the days in
which a convective point was placed during that day.
Each benign day was categorized into one of four groups based on the
characteristics of the cloud patterns for that day. Examples of satellite images from each
12

category can be found in Figure 6. If no clouds occurred during the day, the day was
considered to be “clear.” Days which exhibited small cumulus clouds with no further
increase in convection were considered to be “fair weather cumulus.” A few days
exhibited characteristics that were not synoptically benign, and the convection was forced
by a frontal system; those days were regarded “not benign.” The remainder of the dataset,
referred to as “convective,” contained clouds that were typical of synoptically benign,
warm weather convection. The results of the classifications can be found in Figure 7.

Figure 6

Satellite Image Examples of Cloud Coverage Categories
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Figure 7

Cloud Coverage Categories
Equal-Area Grid and Spatial Statistics

Once the analysis of convective points was complete, an equal-area 12 km grid
was overlaid on the LMRAV region for the spatial frequency analysis of convective
initiation (Figure 8). A 12 km grid spacing was used since the North American Mesoscale
(NAM) model also has a 12 km resolution. The NAM is one of the major weather
forecasting models used by the National Centers for Environmental Prediction for the
United States. By using the same resolution as the NAM model, the results from this
study can be compared more easily to current model output for future research. The
georeferenced points were joined with their respective grids to allow for analysis of the
spatial density and spatial distribution of convective initiation.
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Figure 8

Mississippi Delta Convective Points with 12km Grid

The spatial analysis assessed the number of points in each grid box. A fixed
distance band using the Euclidean method was used for the conceptualization of spatial
relationships. Fixed distance band, or sphere of influence, conceptualization uses a cutoff
distance to analyze a feature in relation to surrounding features inside the specified range.
A 12 km distance threshold was used to reflect the interactions of the features in relation
to the surrounding 12 km grid cells. Since the distances between convective points is not
bound by a road network, the Euclidean method is appropriate. Row standardization, a
technique for possibly biased sampling design that weighs a feature relative to its
neighbors, was not needed since the density of the points was representative of the data.
All of these parameters were decided upon based on the known best practices for this
15

type of data. The analyses were run for the entire dataset and then each year individually
to evaluate if convective patterns changed throughout the study period.
Because spatial autocorrelation determines the degree to which a feature is related
to surrounding features, a Moran’s I test was used. The test, which uses the Global
Moran’s I statistic, found that the points are significantly clustered (p < 0.05), indicating
a tendency toward spatial clustering (Table 5). The null hypothesis, which states features
are randomly distributed, is rejected.
Table 5
2016
2015
2014
2013
2012
All Points

Spatial Autocorrelation (Global Moran’s I) Report
Moran’s Index
0.145
0.217
0.219
0.292
0.254
0.385

Z-score
3.315
4.962
5.021
6.589
5.791
8.616

P-value
0.001
0.000
0.000
0.000
0.000
0.000

Significance (95%)
1.96 – 2.58 (z-score)
1.96 – 2.58 (z-score)
1.96 – 2.58 (z-score)
1.96 – 2.58 (z-score)
1.96 – 2.58 (z-score)
1.96 – 2.58 (z-score)

Result
Clustered
Clustered
Clustered
Clustered
Clustered
Clustered

Once the data were found to be significantly clustered (p < 0.05), a High-Low
Clustering test was used to determine the degree of clustering of high or low values.
High and low values represent number of convective points for each grid. The test, which
uses the Getis-Ord General G statistic, found that the points are significantly (p < 0.05)
high-value clusters (Table 6). The higher the Z-score, the stronger the intensity of
clustering. The null hypothesis, which states that features are randomly distributed, can
again be rejected.
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Table 6
2016
2015
2014
2013
2012
All Points

High-Low Clustering Report
Observed General G
0.0238
0.0353
0.032
0.031
0.033
0.022

Z-score
3.039
4.857
4.901
6.001
5.459
7.315

P-value
0.002
0.000
0.000
0.000
0.000
0.000

Significance (95%)
1.96 – 2.58 (z-score)
1.96 – 2.58 (z-score)
1.96 – 2.58 (z-score)
1.96 – 2.58 (z-score)
1.96 – 2.58 (z-score)
1.96 – 2.58 (z-score)

Result
High-Clusters
High-Clusters
High-Clusters
High-Clusters
High-Clusters
High-Clusters

Two local statistics, Cluster and Outlier analysis and Hot Spot analysis, were then
used to visualize the clusters. The Cluster and Outlier analysis uses the Anselin Local
Moran’s I statistic to identify statistically significant (p < 0.05) hot spots, cold spots, and
spatial outliers with a 95% confidence interval. A high positive result implies
surrounding features have similar values, and a low negative result implies a statistically
significant (p < 0.05) outlier.
The Hot Spot analysis uses the Getis-Ord Gi* statistic to identify hot and cold
spots (p < 0.1, 0.05, or 0.01). A high positive Z-score indicates a statistically significant
hot spot, a low negative Z-score indicates a statistically significant cold spot, and a Zscore near zero indicates no significant spatial clustering for the confidence intervals of
90%, 95%, or 99%. This analysis type will not show outliers like the Cluster and Outlier
analysis but uses a different statistic to view hot and cold spots. A hot spot is indicative of
an area with higher convective activity and a cold spot is indicative of an area with low
convective activity.
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CHAPTER III
RESULTS AND DISCUSSION
Changes in Pre- vs. Post-Harvest Convective Patterns
The objective of this research is to identify convective patterns over northwest
Mississippi during the warm-season, with an emphasis on land use/land cover pre- and
post-harvest time periods. October typically experiences more rainfall than August in
northwest Mississippi (Figure 9), however, October had a much higher percentage of
clear days (33%) than August (4%) (Figure 7). This could be due to the changes in land
surface characteristics caused by crop harvest between August and October. Changes in
land cover would lead to increases in surface heating and lowered evapotranspiration.
These results contradict Chagnon et al.'s (2004) study that found an increase in the
frequency of low-level clouds over deforested areas but resemble the results from Oneal's
(1996) study that found more convection over vegetated and forested regions. Without
further evidence, it is unreasonable to say with certainty that clear October days are due
to the harvesting of crops. However, it is a noteworthy trend. As a result, future work will
require a more direct assessment of the factors leading to convection, such as surface heat
fluxes and moisture availability. Unfortunately, the changes in spatial patterns pre- and
post-harvest were not evaluated because of the lack of convective points for October
(Table 4).
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Figure 9

Mississippi Delta August and October Precipitation

Precipitation amounts for Mississippi Climate Divisions 1 (Upper Delta) and 4 (Lower
Delta) from the NOAA National Centers for Environmental Information using the
Climate at a Glance: Divisional Time Series tool (https://www.ncdc.noaa.gov/cag/)
Analysis of Convective Frequency
Figure 10 shows an increasing number of convective enhancement points
throughout the day. This verifies that the dataset is characteristic of synoptically benign
conditions since convection on synoptically benign days is forced by surface heating and
the sensible and latent heat fluxes which increase later in the day. Coincidentally, the
25th day of the month had the largest number of convective points, with 33 more points
than the next highest day (Figure 11). There were also eight days of the month that,
throughout all five years, did not have a single point. As shown in Figure 5 and Figure
12, 2013 had the most benign days per year, the most days with convection per year, and
the largest number of convective points per year. Possible reasons for the increased
convection could be precipitation or temperature anomalies, or cropland variations.

19

Figure 10

Number of Convective Points per Hour

The number of convective points for each hour of the day in local time.

Figure 11

Number of Convective Points per Day
20

Figure 12

Number of Convective Points per Year

The clustering and hot/cold spots found in both analyses varied between each
year, and there were no locations that had a hot spot or high cluster in every year (Figure
13-18). Each year did, however, show multiple locations of hot spots and high-high
clusters. High-high clusters and hot spots existed for each year in the study; however,
their specific spatial location varied. 2014 was the only year to not have a high-high
cluster in the northern half of the Delta (Figure 16). Conversely, 2013 and 2016 only had
one high cluster in the southern half (Figure 15 and 18). 2013, followed by 2016, had the
most number of convective points per year. This implies that when conditions allow for
convection to be predominantly in the northern Mississippi Delta, more convective
clouds initiate. Both analyses also only resulted in cold spots or low-low clusters when all
of the convective points were analyzed together (Figure 13). These cold spots and low
value clusters are in the same locations along the northern and western state border next
21

to the Mississippi River. This would imply that, climatologically, clouds are much less
likely to form over areas that are next to a river or body of water during the warm season
in the Mississippi Delta.

Figure 13

All Mississippi Delta Convective Points

Figure 14

2012 Mississippi Delta Convective Points
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Figure 15

2013 Mississippi Delta Convective Points

Figure 16

2014 Mississippi Delta Convective Points
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Figure 17

2015 Mississippi Delta Convective Points

Figure 18

2016 Mississippi Delta Convective Points

To explore the possible influences of the Mississippi River on the spatial patterns
of convection the clusters of convective points were compared to other surface water
body locations in the Delta to evaluate their possible impacts. There is more surface
water around the inside of the Delta’s bluff line than in the center of the Delta (Figure
19). Assuming that the Mississippi River led to reduced convection along the
Louisiana/Mississippi border, there should also be a lower density of convection near the
24

bluff line. For all five years combined, there were high clusters and hot spots along the
bluff line. This implies surface water did not appear to have a consistent effect or other
contributing factors had a larger impact.

Figure 19

Mississippi Delta Lakes, Rivers, and Streams

Surface water features did not explain all spatial convective patterns, so cropland
was evaluated for possible influences. The locations and concentration of the crops varies
slightly from 2012 to 2016 (Figure 20). Since each crop (corn, cotton, rice, and soybeans)
has different water and soil requirements, it would be expected that as the concentration
and location of the crops changes, so would the convection. Unfortunately, there appears
to be no spatial patterns for crop type and convective clusters or hotspots. While different
crop types could influence convection, the effects could be reduced by other factors (i.e.,
low-level mixing, moisture gradients due to irrigation, etc.).
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Figure 20

Major Mississippi Delta Crops

Data is from the National Agricultural Statistics Service’s Cropland Data Layer on the
CropScape web service (https://nassgeodata.gmu.edu/CropScape/).
As stated previously, 2013 had the highest number of convective points and
convective days; however, 2013 had one of the strongest negative precipitation anomalies
of around -50 mm (Figure 21). This could indicate that strongly negative precipitation
anomalies lead to increased convection, possibly due to an increase in sensible heat flux
and an associated destabilization of the lower atmosphere. Conversely, 2015 also had
precipitation anomalies of around -50 mm, but it had the fewest number of convective
points. 2015 did have the second highest number of convective days, tied with 2016,
which shows that convection was not concentrated on any specific day. 2016, however,
had the second highest positive precipitation anomaly, erasing the possible connection of
convective days with precipitation anomalies. The year with the highest precipitation
anomalies, 2012, actually fell near the middle for both convective days and points per
year. No conclusions can be made from precipitation anomalies and number of
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convective points or convective days. A longer time series is needed to confirm these
findings.

Figure 21

August Precipitation Departure from Normal

2012-2016 departure from normal precipitation for August in millimeters. Data available
at the Advanced Hydrologic Prediction Services (http://water.weather.gov/precip/)
Since precipitation was not found to be a contributing factor for the frequency of
convective points or convective days, air temperature was investigated. 2016 was the
warmest year with all Soil and Climate Analysis Network (SCAN) sites reporting median
observed August temperatures over 24°C (Figure 22). This contrasts to 2014 where the
median observed temperatures were below 24ºC for all locations. Surprisingly, there was
no apparent relationship between the surface air temperature of the Delta and the number
of convective points per year. 2014 did have the fewest convective days, but with 2016
only having one more convective day, air temperature is most likely not the dominating
factor for these frequency patterns. There was also not a relationship between the spatial
clustering of the convective points and the SCAN site temperatures. While the northern27

most site was typically the coolest over the five years, the clusters/outliers/hotspots did
not tend to occur around warmer or cooler sites consistently.

Figure 22

August Air Temperature at Mississippi Delta SCAN Sites

Temperature values are the monthly median observed temperature in degrees Celsius for
the representative Soil and Climate Analysis Network (SCAN) site locations. Values of 99.9 indicate data was missing or not available. Data are provided by the Natural
Resources Conservation Center (https://www.wcc.nrcs.usda.gov/webmap).
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CHAPTER IV
CONCLUSIONS
The objective of this research was to identify whether agricultural land use
modifies mesoscale weather by investigating the influences on convection. More
specifically, this study intended to analyze how boundary layer and convective patterns
react to sudden changes from one land cover type to another due to the harvesting of
crops in the LMRAV. These results can also help in understanding the influence of land
use change on low-level atmospheric processes.
By comparing the spatial and temporal patterns of cloud generation for the select
days, the study confirmed that convective patterns do change before and after harvest.
Significant (p < 0.05) convective spatial patterns also exist for each year in the study.
While precipitation, surface water, crop type, and air temperature were investigated, no
conclusive causes for the patterns were found. Future research on the association of lowlevel moisture and heat fluxes on these convective patterns is needed.
Dyer (2011) found that local precipitation patterns were modified by warm-season
surface conditions and noted the critical importance of such research. The number of
clear days post-harvest compared to pre-harvest could show possible localized
anthropogenic climate change from the sudden land surface changes through the
harvesting of crops. 2013 revealed the highest number of convective points and
convective days but was also a year with negative rainfall anomalies and mild air
29

temperatures. 2015, while having the fewest convective points per year, experienced
similar amounts of rainfall as 2013 as well as similar air temperatures. Crop type and
surface water did not appear to have an influence on the spatial patterns of the clouds
over these five years.
To decrease the subjectivity of this research, the methods can be repeated using
longwave satellite imagery and the development of an automated objective analysis
technique. The results obtained here could be validated by simulating the convection
patterns within a mesoscale numerical weather modeling framework. Conceptual results
from this study can be utilized to modify current forecast models to help forecasters
better predict cloud cover during warm-season conditions over agricultural areas.
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